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(54) GROWTH OF CRYSTAL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
crystal growth such as temperature gradient growing or 
zone growing method, intended to grow >3-component 
compound crystal without the need of using three or 
more kinds of compound materials. 
SOLUTION: A 1st material 3 lower in melting point than 
a seed crystal 2 and a 2nd material 4 higher in melting 
point than the 1 st material 3 are arranged adjacently to 
the seed crystal 2 alternately in one layer or plural 
layers, and these are collecttively put into a vessel 1. 
which is, in turn, put under a heating atmosphere, 
thereby growing a crystal 2a on the surface of the seed 
crystal 2a by use of the respective constituent elements 
of both the 1st and 2nd materials 3, 4 as starting 
materials. 
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u 

fl[>»««l]I-VflW)27cfl:#«36*€>46 L 
east's 2 IE«(0«r&£2fi3tri^. 

9. tttl8EJ?Pl<^«-^«tlSBSg2<^>lt*l-tt^rit^il in« 
y-;^ai:l»¥«i-5ia^«rW'^ 6^!^IE»««^r»Ai- 



1 1 <0$r«^Jt 9 taHtSOAv^ff 2«tmf: 

u 

Sit ^Wtc 1 HxrtlfflWf ^SSti^fiKU 

^ {Mg • dy /My • ) • (d-x) /x) 



-2- 



^mW- 1 1-277045 
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lOOO 1] 

u J:9i»b<(t. iv-ivfliaTtjgAJimii-vaiaTc 

loo 02] 

I O O 0 3 J £^ie> fc-?r<»-bO«fil^S<73ra-C«^3g 
to 00 51 -trr, S<Sfctfffti'rsri:kiJ:Oi0ftt«f 

5fKTV^S. InCaAs<^>«f{4:«it§l±^fi& (L 

EC(liaui<I eocapsulated czochralskl} t^) T^t, f& 
S^t^trteS-f SGflAsftA/y eiS^ ^) 



[0006] Ld^u LRcmi^xtM^ mmtom[*o 

102 ^«ian04 i:aBAl03 Mt^mUTitAUlftiifc 

10 0 0 7] ^ff>:iifimt*^mn3^m A^^^^y^ioi to 

-o»SCIit«Jj:J:oX. »NrAi03 «©J««»104 

s. 

(a o 0 8 ] -e^Di^A^i^oi^. «^o4 >!><ai8«ii 
^mfDt^£^ttii>. i^^A&tmm s^fomma^^h 

10 0 0 9] ::<oaff£&tcJ:itf2v lsmo4 
A103 K^m^^^Tc^^m^^^ttmoi t-h^tf^-t 

€r8(t9^-t-i, 01 7ri, InAs-G«Asip2 7c»tlt«[®"e*> 
<5. l<0®;^>^€>i>A^-6i:9^::v x=0. 0 5 (01 7 1^03 
a;a) Oln^ Ga^.^ AiafeA*r««d>f>*fW$'tt:efc*?>U: 

10.0 1 01 tcr. lai 8(a) izjr^m^tmm t 

8jjSi<C>njs20LK, Srl9o)l^At03 ;&iatiiPLncV'J: 
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|'7gi too 1 U «Jt. ikt9ti04 ©d*>attfiio3 

^ i I it 1 'I ^^^"^^ ^ ^ ^A^&tmWLni^^n^tmtf:L 

'^Mn^ ^ — ^ 1 

■X*ir;i;. ::i;0 i:;2:J /i:*5, atfttt:in-Vj8Ett&«rfl«MW»L.r 

: :S -^y^ M-S^: ^^^^ fkmmA Cx^^im 




I ia ![ ■;* 5s ...Jr-'^ - - 



too 171 H20(a) tC#-t^5Kv nttttfi^TVT' 

[.0-0 18] i£ftn«mica. Bg2oo>) r::?^^^ 

®2 0(b> ici^^i:^ 




• >• »-v.i-'.-.».---.V-^-'--d:-. 
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[00201 wtf?J:5 <c^»JK/dM»fi^m#fc-»^r^fci8 

® 2 0(a) k:^i5}C, ^3«5ttS<*:-C*>5^§e 

[0 02 1 1 V'pfA'K&Xtt^n— r^>-:/y-> 

ffffitCEldbfr^ IS 5 r 4: tiMff e»H^v\ 
[00 22] 

[0 0 2 31 i^]^i^-^£«l&lri(s|-irttA^ 
[0 0 241 

a) iifiaufcsiHr*. as, 6(c«^ 

a«i&2. 1 2:r35|frimft^ia2, 12 J: 
Ot.jtt;fi«?3fiV>f5lCD*r^43» 1 3 i:ttmi«0«-»3, 
I 31:*) t»ja«35V*|g2<0^3R4, 14fc€:5SSKl 



f(3. 1 3At^£»20:>im4. lAommbx^m 
mnt LTMA 2 8, 12b %tmm&^m\^m^-t 

1 (Dim 3 j^jirr «i a ^ ^mA*mt:t^iB^ms^mss, 

«)|r]^4«f|Cl^ltTm^'^«ni»»3 ait>(Dtttt5c 

[O0 2 6] wsaattfi2rt2^xi*3fiji 

3 ft IIISIXH V^{05c«ro 1 , 2Xtt3*»«>7S# 
«r^*. «rEgf2 0W4HtIlI-Va©25cft^*^6 

r . fSi&^A 12a Htlll-Vfll^ 3 js4i:'^]6>e><C •> . 

fitIffi3^ 1 1 3 1 itjBSs 2«im 1 4 it^^fh I 

fl:^-C*>oT, l«jffiSl(t)|mi 3cr>±**sfil«t» 

ffir£«2^imi 4tfe»j^«»-errv fireaiesi 2« 

itv mSL^^eo^«$rdt|^«li$£l 2«:&>^^9I 
4*»<b<0|&Hi^|fr3^JlDJpofcSIJC»l<^xtmi 3eoM» 

1 3 B rt^TKb-^iifiweaieft 1 2±-csffifcj^co-ciKf 
[0 0 2 7] jifcufcsiHtt^ ia9ic«^r6J:9Jw. 

MiKS 2 2 Xi;iM*m 2 0 L.fc*S a 1 j*3t:«JUS 

im2 0^St^Ufc«?RA»€><t5»l9aff«'S^L, 0f 

i-mi^A 2 2 t-^mi\^^:^(^tz.^Mn 2 o ^mmx^ 

OoM6;^-S-. SJ[»»**ea»»&2 2±li27L*^ 

jgj*r*f2ott, aiffia)te&2 2<c^u-c»itfo*Lfci&ia 

P><i:^y-:^W2 4 td^bPH^lStt, fitnE»«ttt-m2 

3 4r#fflL-c»akUv i&gasiK?aA-rfitrcv-:^S8 2 4 

fla^^ 5 jH^SrW-r 5 Itraa««f# 2 5 S-fgfiE^ 5 X 
[0 0 2 8] i:<oJS&BSS*r&H*3V>r, ®ioir«5s 
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[0 0 2 9] JbsufeWBH. mi zicmn^^x^ 
-tt-canttsxet, tt]Sigfaim«a 3Bi-^spwKi^p 

[0 0 3 01 JiKUfcRJffiti. ®14{C«^5^5 
{C. ae£4 10S«;c3mi^Si4 1 J;91>ik;^<0{Sv^^ 

««4 4rtfclt5tttL.. fitlSSSttia4 DiS^fflt^^ofifr 
1B» 1 <f>tm4 2 <^fil;!S»±<oaff-CglrSS{5 1 '?>«»4 
2itU««ie02Otm4 3^t5irfei-5taA^:<^*-»o^|l 

;^4 2<0^:^<^^^fBW£4 IfOOffi^SliM^U 

»io5im4 2fi, 8fnEa^fi4 1 \::&'t-^ttit&mw4 

[0 0 3 11 ±ffiUfcBaJHti. Hi 4}::«5^-r*J:5 

J:e)'5:5tt&4 6t^^i-2»yiii6k:. ©^ftXtt^>^* 
*JM^-Ci>-=. TItffl d ^ <!Dtm Y J: I? 5 IB 1 a^^niR 

ts ^ (Mz • /My - dj) • (Cl-x) /x) 
• tv 

^»ii1IRi-6M3»3t&«rl«oDir«MS^«iL<f)|wm£S«4 4 



»!ft4 5i::r5i:2:'bk:. 8Wa3B2<D*m«4 2^0^^* 

<2:tfiretttiA4 iffi0>s«rMu. msmm^^^ 

rttS^A 4 1 ^mk:mA 4 6 r t =^mk i: 

tmh LTfBaoRj?c5ffl^tf25c<fc'&«05» 1 Rt^ff 

[0 0 3 31 r<z?S^, 

»«r3 7c£iJiO^:g«»S:«£ffi-rsCt;te<. 

[0 0 3 41 4^. SiJiO«?StJ:iuS, 

2 o^^tS^^r«ffi SbSc^V -SB 1 

sv^2it;^$-afes;^»i&i-6ri*5T-»iro-c\ a 

l0 0 3 6| f8 2<o^«#»iUTy-;?i*fir«£ 
3«2i^)$m<^ffS^^«^^tu-cv^^fc«)K:. 3^^2<^^i^|s^ 
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^)fflj3WS3F«— «: <t 5 C 4: t> <£ ^, 
[0 09 7) 

aiSl»^fiD Bl(a> tt. ;<i:«€a<OSIl%e«^ffi& 
5. 

[0 0 3 81 ^i", Bl(a> r.^-rn^i 

rtfiO— Sa«lC IIISlXttVKlCiTnSA, B, COp^O 
'Chimm$tn3 fcm-<^>^:Sl^tt4 tSr^tSllCtJllftU 

[0 0 3 91 ^tt$m3r±7c5f5A. B. C<05t»^^< 

U »«*f»3 4rLT«^riln*^InGa, j^jV^MloCa U 
?>r. Ill ISXIiV«t7t3!ldSy !;^^<C«t«i<&oTV^ 

2r». K&$**f3©j«;fefcf5ii:*^ni;o lt£v^taflt 

-«Dfi8fi«^4-ctt» »i6i-*?&gf^3<DJinjBBffifc 
iff I ^J»ofi«j5*ft< 

[0 0 4 21 Z.a>1SLA-S^mzX^t. ia2(c) ti^r^ 

a*5g^fi&<OX5USt::ioTaK!ta2Jiic5n» 
A, Ci»><C5 3:7£cO]e^2B36«dt«i-5. 



[0 0 4 3] titi. 82 (c> ai (b) a[7aA^& 

deit^mu-c. ^fii5S^^catattwM2^ffiSL 
a H5*sf sm-o^ftltft 4 ri±T»rtr»< 

b*-L. m-i7>fiZ:ft««4<03i®CWja$afc35c3!W^ 

fi 3 2 a $ <b tCS&S-T S. 

[0 0 4 4] i:--5.-c?. sSSISJfflltt. ^&^flt«-«3<rjgiKf 
^"^xmmsuti^. rcO»»3 a<0»mi«-<??B£ft 
|^J|s^4to»^B3&•e>»^tfc^t»^::5<5v^-r^7cfea2 ft«r 

4liffiV\ ln~fofirl$l*3 aK:fflv^TIi»G«A6$ratt&2 
<o«ffiic^tU$-^5*&l::{±, a3»,a2a®-ClnCfiAs<9 

[0 0 4 5] l>d*L. H2(d) k:.T^a»*Tiittir. 

3 a 03S)IM-fi£« Ufc 3 7cro»-<o^«^ft (Wittf 
InGaAs) 6C^B5i^«l^T, -t C:i^5>^&Lfc7u« Q 
n> j&si«WH-rt::1S«f 3 a <ox»m 3 a <o 

a^aeft jjjd> Jit < ^ ?) . iadtfl5*&-tt*«fRi J: ufc 3 tc^s 

[0 0 4 61 :^:«-Ctt. f'gS2 0nBs ^2 480^ 

ki, lii<,^Gao,fci:»)>ice>2BBia*<r>«i«*t«3 fcCaAsJ; 
klSil'S. ftiC. rt€|2 5ca^ ^2 BbbjORKS^C^^ 

y^^jx. m^^xn^n!:^v'KX>>^^^Tz^':f/i^^s 

X 1 0-^Torr£iTk:i*ffii"a. eUT, :5^T>':^>1' 
7^6R»[^^^&K:J:oTmi-6 2:Sl3(a) 

H3(a) *T»*7aHt«^€r*LTVv 

|0 04 7) Ji^V^r. H3(b) 

(oat*lc:5*itT 1 Ot:/co«>ffl5t4»E*ottfclR»=?Si: 
U *«»ft»«>*a*i«JBB0DlClc<c6J:5li:i-5tt 
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{0 0 4 8] *UX, «3«T 1^5^/1- 7 «re!aD9«>*lft 

loo 4 9J tz,^-^. JJEt.fc«-Ctt, t&ttimsi 

Cog 5 01 ^w^r. S«m!^3 irS8~^>jfi:««-»4 

*£K<«!t3a^«.<^>Tr, 04 <b) lc^J:^«c«IS^fi 
«*««iea2«)ft;J»b4»9*r<we^>;MaA4) 
BSi-i^lt. ■?:Ote<?5S«:^n3R0«lB~«0^S$m4-(? 

^^{^a»mm<r>^t3^a[sa. 020,) ii^«>^<*:dt 

[00 5 11 t:^:?*/h 1 rtic*iw^T, -to— « 

t>aL«3L*sa<, m-<^III-V!K2 5t*mi 3ttS5 

i:<oni-VJ^27C^5pf 1 4X*) ^i»;fcftJ<ftVvtfl6fd*P>;i 
a. «llI-V«?27G*mi 3 i:3?n<DIII-VJSl2 5c 

^ L, fj^-mU-y/m 2 TtMn 1 4 t UT^xtfCaAe 



1 3eD8ts-e»-«>iii-v«25c«mi 3j»i»itriiaf 

±rf«2:v ia6(b) icj^J:)!::. Hfti3aU:ttU-C 
v^^fittAi 2«mi:ftr:<oiii-vtt 270^1 4«g& 
iJ^BAfL. 3a<0iU»:ffii^rfBl HO 

(0 0 6 3] C<or^«r4d;UT. ffi^&12«:mfiET 
a &T. »-rolII-Vijfe23W*H 3«ria«Ta XHLt 

t\,&.±u>smxmB'r^ 1 1 ims 1 2 d^asr 
a ■c®B«c«tt?»-«>in-viij27£*mi 4tmmm 

J: 7 (c, @s{h) ^<tta«^£$r$;t 
S. »i:oin-vtt27ctmi 4«>5 

«>«l$a 1 2Clo$S-M<05c9e3^Bi8ri 3 a fpizf^m-r 

(0 0 5 4] znvi^v. mmi3z'p\c4$ff^»mfr> 

lS=:(Oiii-vil27&tmi4Wc9«tt09^. fUHbOAa^ 

w^^;t<^7a*i««»*ofifcJ:-o-ca»fafti 2«i 

icittitu oV';ct±mAl2«90AftT 

t^iji-^x. »-<om-vtt27cW*n 4<9j>t>oat§s 

1 2 ^£^jt>t0O||Sr.«>lt(raiII-Vil3ic»mi 6«S9f 

[0 0 5 51 ^Hf337cteSl 2 a, III-VaE 3 5r*t» 
1 6 <0^&\ZX 9 , ifett 1 3 a rt<z>M«>KvMWK>«i# 

SiRJirMraeai 2«rffifiCB8K:i&«5-e:Tfi2««r 

roni-vSt2 7c^ 1 4 r±±r|grt6, 

[O O 5 6] — «-<Oin-V|*2 7&*mi 4W3cffi 

4tfDRb»?J!:#^-r'603T. -t®3cffi*>P?37c 

m& 1 2^^*C^c P>K 3 7clNifi 1 2 a 

gtfge 1 3 H t COflkl* 1 3 a <0«J(Bft»— 03111- V 

^2 7c*r2Ri 4a>ssj!>-e»ejtfcWJa*5>3*ji3fti 2 

1^1 4 t UrGaAs*r.®t>, jft^l 3 a UTln-As^ffi 
V^TlrtCaA£<03 7cllS&l 2 a «f«fm$-^«»^fw{J:. It 
ffi««^«tf^--5nTfi«Rl 3a<Dlniladllt«'>U, C 
ffi^ai-r 5 3 UMA 12a OlnSiftlilS^^t^Nt^ 
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{0 05 71 UA'U 86 (d) (ommt-^fio^. ftr 

09111- V9£ 2 mm I 4 a>fC«3 1) Ufelll- VI01 3 

j&rm («l;tlXIiiGBAs} 16<r>Sa&3»'&:^j&U^jR 
(In) dS«A|£<M&$4v$«>^«l« 1 3 .<DfiUi0tinntPi3t 

tStiteS. T>':7';n i«r4P«l»»i 5k:Xh.5»S'l£i 

[0 0 6 81 ^iM-CHt^ ftS2 0iai. ^e2 4oB, ft£ 

loCaAsllil^igi J: >> 4r«fm& 1 2«rXH. ^(0±lC. In 
AsiOtte linii^*<^m-0>in-vei25E*mi 3 tea 

te2JBro5SSJcfi*l^, JklC. P^S2SBBk *l-a2 8 
qe^ewr V-yAl'a^: 5x10 -'XorraTtcStE-t-S. * 

UTiMS5 1 7 a ^mac-ri>^ 

10 0 5 91 6^v^T, 07 Ch) Jc^-t-Jt^sfciM^iB*' 
i:, InAsJir)»i^>m-«>III-VjK2^^)^l aa^Sk^U 

^>|::#aUTi 1 7 oic«T^e>i:Skttl 3 aOlU* 

1. 2iiia^//9, ^^t, ?g-<Dni-VS?25c*mi 3i^> 
5i^r««r*l 2t:avvfl3oiSB3iSO. 4niilC«'>U 
2(cSV^^ISga];6<l. 2»n;v:dfe£>U^ C06 

(b))o 9:^. tti^£ii2^imi 3 B(nSKlM>aj[^i 
1 7 0'CC«*>. -tW^B-d^tjaU^A 1 2P^*WttH 
•C10t:/cj8<OtSl«4?eSrott^i:i:t,Ki, «$iai2 

[006 11 -tux, :p^r>>^/n 7^tt?affio:^ 

«Ufc. :!L<nril«Ufc37cteiEil 2 a-Cti, ^I^Al 2 
i:<77j^Sd>6f9$l. OoBiomtft'Cf&iSltxiftSO. 0 5 

[0 0 6 21 irri^T?. _hseufcw-cfi, fff— {^)in-v 
ix*?3ES:C2»roa*at,n-Cfc^6A«, @8<a} i-^i- 



«H«iHf&fifc«^=lT5cfci^-C*6. *e>ti. »-«>lI 

i-vtai25E«fl-i 3ti5=:oni-vBra»$rfn 4*©a 

[0 0 6 31 r«>j:5ic«-<rnii-vtt2 5c#Jfti 3fc 
jB=»lII-vjK2Si*mi 4*35SKi3»ei±ftia*» 

4J8Bdi-cio«a«ic«>j>.aft43£^d«(t. ^lojibom 

ess (a) l*ri£JcjPft«)tW»*^»UTV'»6, 
[0 0 6 4] 4c|»l9R«>9-«>fi|j!ft^l:t« B9K:ii«'^i:7 
rV7'A'2lf^4CWra2 2. IS»»mii2 3ftU' 
y-;^IS2 4AX^«>Wl»:t»«3iLTStA*KS. 

y-xgp 2 4 ti- ^^ffiaoifirit J; iSBlA'O 
[0 0 6 5] StoT, 09(a) fc^J:5i::» ri^z^j^ 

2 1 {*SJ0IS«:^2 Oa^frtBa^SMTgatC^f* 
wfcT, ®9(c) »»tW»23tt«» 
LT«?ff»2 5Sr3^riEi-5, 2 5 tt. y-^ 

St 2 4 ©~^^iS*| U-C?B5ia^StffDS-^*r«te Uoo 
^-OMSrXtff, jBjaitxmOS?ff»2 5 t?ioTy-;^ 

Iff 2 4 i»¥flm«tc3af ^. 

1 0 0 6 6 5 ^V^T. T>y^A^2 1 ^gtfti? (^S*) 
l::*tL-c*B^t3feaift2 1 e:&i^l^.^IH-*- :mk:J: 
fJ. E9(<0 mt^Z5YXy-^^2 4 
^»Lo-:>«Sg2 1 b;6riR]k:»»U m^^W^^2 
2i:irniea2 6*?E£ft-r*. *«lri£-ert. y-^tt2 

$it*. «o-C. y->^fft2 4f>3aiC-t<^>-a*Sj^L 

i: y-;*fs 2 4 t «>ata«*SM««IA«ft<DffiW» 
[0 0 6 7] }5»d*5y— :^882 4rt:KfiUl<^»rtf>7C 

$6, ct?5;^&7:*tt. y— :xig5 2 4oafia^^*tffiA-r 

2 4(lKfit?S«>J^-©5c3R, W^Htee-SI^iwiiJV^Ttt 

4 <oiaflK»*«r««!>T^I^XKttafci-* i: 
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in 



6. 

10 0 6 8] )^^fl2 3dU mMi&UAT 

et>tci,^£Lv\ rixbOSAi&^b. ^im96<£SI 
(0 0 6 91 nm^t^-BfiSi^'^—^nirm^^i^^^ 

e&^«t»K:y-;^S2 4**b®tfieJK2S«?'ictti»& 
aS5-jr>7c35<o«i») t^l?*v\ r<ofci6w |gtt^2 5 

fl&k:lflj^rmt*l^-t-6*^P>, @9(d) {c^rny 
9(c) ft««»»^f2 fit>affcLTm* 

[0070] Bi*>. «i^Rfcj:*)saiaue>5iKia<^s* 
y-j^<[?2 4 0ifi^itt^jfei?-r5, fSor, 

/V2 1 OI6lC*ain:»Si L-, 5^SgMl^t«f«g&^ 2 7 «r 

^«2 7rt. <j>3fe< i hnA^^mMTa^^m-rt 

«2 7tt^K^Kl8-<^«^T^Ufcy-^l«2 4ftU« 
5 r t W«»lifc<?»*^-tt»t;5ttiS«>«J&**5>»* u 



[00721 j^^d^&ftfS-ca, Ti^ryi^a i t:mA^ 
ttA2 2ic»urm$n«is«e«!f2Sacoeft(£, is« 

SSff2 5a. 2 5bn. ESI 0(c) fZ-T^-tX^iZ, T 

;%gS24a-24d UooT 2 1 fcS* 

S0S2 1 «^lC«EftU S«H!F25a, 25b«>5^ 
2 I b{|g|cr.5£»ttft2 6a-'2 6d*r«?ai-r«. CO 
t*. 3K»fi2 2K:»UfcJ8«8f»2 5a**^>tt:Z7c»li*^ 
ttA2 6Bd$|lfW-r6, ffii:^, y-J^SS2 4 8-2 4 11 
(CK«nft:»rS»2 5 b'-2 5 da>e>(t«lftAX»M 
S<0 -?c3R*l!fS 2 6 b - 2 6 d *«tlflfji"S. 

1007 3j ^:£0y~>^252 4 a-2 4 dK:tfe**tfe» 
«[^»2 5 b'-2 5 d*>fe<ffffiU&-5cMJgA2 6b — 2 

6d»U #^11^2 5 b — 2 5 d«>aA-C3»d&rit«: 

X, w*V^ro-5c3Ktt&2 6 b-2 6 d(t. ^Aj^itfi 

[0 0 7 41 «|j^&2 2(l^L^tm^2 5a3&> 

MfrBiLfc=5£;g^ttfi 2 6 ft It, ifeS^Sfi^TgstC 

y— ^«52 4 « «o0^«tx a J:*J»[B;fiiff?SB~<Oroil«r 
^<«pfc«»K:, I15c»3|tieA2 6a«^^ti:tiilffi 

[0 0 7 SI LA»U ^«nff2 5 ai^WUTy— 
2 4b fOWlCSaaiU, Il7C^^ttS2 6 b 
j: . ' x^l^A 2 6b i9»^ht::5c jRm^^A 2 6 a 
te^tt:* s k:tB*TiSv^?t»?>. ^K»arij^HSW2 6 a 
<o♦i^±^fei?«^bL*v^« r<^>*i*!>. saf^2 5acom3^ 

riOi:5ii^^&2 6 btt. J&«^2 5 b 

3ttfcy-:^ffl2 4(cit«ur. ^%im:^<r>v—7.u 

(00 7 5) HlO(a> »Cir1-J;plC. 

fcji^f^ j$atflr2Sa-2 5dtcgfe*K6y-;^ 

gS2 4 a~2 4 c<0«Sr. *f&»»2 5 a — Z 5 di^ifi 
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Co 0 7 71 Jb5E©«-. »r.<^«<Offffl«rSi 

10 0 7 8) ftlC, tafiKJtxsAJO. 9 0-Cl!>SSio,9o 

Ofc^fiff^:J:O^^*:6<j|c«Ufc«t0Eia-efc'9. pi 

iai:i?So fciPf^taft 5:5^ UT u - 5. 
I0 0 7 9I i-f. 01 100 f*»S2 0 

2 IrtlC. mi^A2 2 t UTift^F SsnaiOt^U ^Jl^m^A 

V*LfeSHffi*>t>;^c«>y-;^§62 4 a --2 4 c tJS^S? 1 
aoff3^/u-r:=^^JK[^m^hti:^fmB^2 7 a-2 7 

^ft2 4 d UTff * 5«n<7>v'il 3>^tefiR«tm» 

UTfll^^n^*. zn€><?:>mftt. ai I (e> 

^{d, T^'T^A'E lJ^c05yg2 1 a&(/a«32 1 b«5J- 

[OO 8 01 »&^«i'r±. ®ll(a) 

fc — ^ 2 8 Assart €»ttfc^t^t<OjP$«c 2 9 

<P{<c2 9F^;im5T«f, ^e^Ki^fi-^^. 011 
(b) ^^(♦f2 9rtofitfi>:fttt. «3Xatt 

{00 8 11 toii>ic, l Jl, m?«»<W2 3 

2 7 ft --2 7 c fia:e^a^CTt^£il-bl^iaSH»BR^i^ 
5. Hi 0(b) tc^i-J:5t::, i&iR$m»2 

3Xt«8f«&»fiEm2 7 a- 2 7 clt«»L. I»ja[^2 5 
a-2 5d«rmi-*. C 2 5 a - 2 5 d fi, 
»^A2 2S.Vy— ^^®2 4 0 — 2 4 d«r?g«LT-t«) 

tub. #»ift«F2 5 a --2 5 d t±±k LT-^OT^lCtf 



-♦•*y-;R»2 4a'-2 4c<Oj^tt«dmH*«. = 

a24c-^24d (miclBnR«r£ C^zt ttij:\»\ 
10 0 8 21 ow'if^ B31 1(a) t^^cT J: 5 IF<i^2 
9^2m/'iJ«>aflt-!?TJ&fc^lH"«. *©tB*. ai 

»nrr«« cio&aAflP^fticifittux. aio<c>{c 

sKri^C. ISaHff2S 8-25 bttT>^A'2 1 JD|g 
«52 1 bJ&lPlJcMbU *tSM[«2 5a-2Sba>T> 
■//i^ 1 (09at9i 2 1a «l<^>©iaffleta#a5lir.5ESa»A 2 6 

[0 0 8 3] i>oi: t^fiS2 1 alCaaV'^r.Tfc 

^^^i- i,mi\t X s fr*- ji^-oatta 2 2 ±:Kmm 

Ufc-3E3RI*l^fl2 6 a ^<tS. ^WCtt, ASMT 
g44rl 3 5 0l3i:U, JB^ttxm^O. 7 5©»«:»2 
5 a bffl^it x: s = 0 . 9 0 CJSio. 90^00. 10^*^*^^ 

jiiaute. (&(?De^ff«2s b~2 5 di*t>«ffl-t-5r:?£ 
a<o«.ie?^«2 5 b~2 5 d i3fK-r«mjt, EP*>a 

rittt:x5 = 0. 9 0J:9fe«A^K^$>fefi^SrW-r5 

lO 0 8 41 ai 0(d) ri, ri^r/H «r2Dia/I^Oj$ 

sftLTVr^a. a 1 0 (d) tC^J: 5k:, }&jft^2 5 a^ 
2 5 dOraK:«£4ixfcy-^S24 a'-2 4ctl, ^ITjff 
«2 5 a--2 5 cOaiSKJl^m^U -jc3R^S&2e 
b-2e ct;iSt*$ixrv^5. #®?9t«f 2 5 a — 2 S c 

2ea€r^4i>X. -7u3RfeA2 6a-2 6 d^^fti" 

j^te. r:^:/>u2 t©tt«2 1 b£*fta5i-S»« 
y— >^I9 2 4 drt4i3»<J2:V'^fe«^i:^«miir2 5 d:fit9aBi- 

10 0 8 51 6>*C. 7X7^/1^2 I ^D^*<ift1fi-5 
i:. 1210(e) C^i?*^, aiefl2 2Jifci«fWi-6 
J&^x s = 0 . 9 O^Wio, 94fi^o. 2 6 a r±, 

aEtfe^nfc-7c;^S$ia2 6 bfry-:^B«t LTritSSra 
rt6. -:3^v S«?S2 5a^2 5cfi, Ge€rl8lfeU-rft 

10 0 8 61 zrnzji*>, Bi 2B«ft<r>efiaffim»j^ 
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5. 

10 0 8 71 KT. Si tGfi J: »> i5ta-5u9S^«>^Safig^fiR«r 

nm-t^. *««j&irctt. ai 2(a) -to K^ri: 
J: 9^tss«im«3 3 Bi-fi^/^^'ea^s 3 ztitst\fh 
/v^mv-x^mmmi.. ^^mmmssB^mmi^. si 

-Ch »«^3 5«rJ::frlC««)r2.^iT-. fiJ^S 3 2 ± 
10 0 8 81 y-:^»3 4 BttJ(i<|:3c3f?r 

[00891 Sl 2(a) y-^«l3 4B 

t LTlfi:«2 Oi«. ft^F 5 Oimi<OSi¥^a«r€:^T-t- 
•etf5Si^»&t>«>TflBi-»«^ftte3 3 B L-Ce 

* bl:i^0T«8l-a«ffi 3 2 i LrESa Omik S3F 6 
OGiiOSiWSW^T^'A^biVHEU. «*UTSttt?t« 

s«9r*mi63 3B=fc-tiosa*^fi>j«<a««= 

OV^-JT, ai 2(b) »«ff3 5coa 

(ty • S • dy /Mv ) • A= (t 
Z(0»J8C«fe ^<r>iK (l) (OBMuJ^ 

( t J • S • d E /Mjt ) • iV= ( t 

-e, dx tt. Z07c««:^r6SB~0$#l^(Dttfi^. d 

= (M;, - d^ /My - 
i^CKl, ffi— LTlnA»«. »-(0«|SJt L-CGaAs 

10 0 9 5] InAs«Oi9$«rlBalCl.«i»^K:, ±ffiU 



10 0 9 01 oV^-e, flmft3 23ltOy-A#3 4B«r 
M 3 2 ±.icmm LAififije«ssi^ lo^^^ l Omn 

1 0 o 9 1 1 -tnb 2 o<o^«♦^^p^o ^ t>»fflixt±»» 

tt^-r m ~ tn^im'^^ * ^JfijE*i»^r s w ir tt 

to 0 9 21 -tCT^^TI^:. je^t^n^ft-'^W-^t 

iJ, laritifcxfi. YiV2<0|8SC^fttV<^tt[^5tMf"C 

10 0 9 31 YcO^g^^ tXtt^TH» tt. »C«>« 
(1) 09Mfi^i^&^. 
„ • S • X • dyj /Mvx) • A 

• • (1) 

„-S' (2-x) - d„ /M^x) • A 
(2> 

[0 0 941 ^o-C. SC(1> &a5<2) i ♦)KCaWi-Mtft 

) • {(I-X) /Xj • ty -(3) 
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34/ 



1o 



B 1 4 <b> tt, GoABliSA 4 1 omK. InAs J: 9 4:$ 
Jg-(D|t^4 2ft. 4 2b. 4 2ci:GaAsJ:9/j£$»Z: 
0$m4 3a. 4ab. 4 3 c%^£f::3jiro£fi 

u in^«i5r>5i^^4 4K:A#t, tuT, iai4 

14(h) Klip-riJK:. »-<Dfrff4 2a. 4 2 b, 4 
2 c ^jftz:(Dtm4 3a. 4 3 b, 4 3 c COfidElt. In 

t0096] ctvliJ:9. 014(c) (i^i^ic, 

— ^>;W1S^4 2a. 4 2 b. 4 2 c#lS0i|L-r««4 6 

a. 4Sb. 4ScK:3?i35i:i:(>fc, aaE4 5 a » 4 
5b. 4 5ctCHgi-^S»ncO*^^4 3 8, 4 3 b. 4 3 

?3K5ff45a, 45b, 4 5 c lilnGaAs^ 9 

to 0 9 71 ^:<?5ak:, ®i 4(d) K^'i-Xt>i:i. 

V^5) fi:55STX7">'l'4 4 fr^tt^-tirSfc. «e&4 1 
W^ffitC^fefiOIn^ Gaj_ As>aS4 SjPfifc^i-^ti: 

iac4 5 a <oa:&03»-cr>:«1tS^4 3 a ^^€>c;aAs36J®JtW 

*«rfl5»«e4 5 alC|±IiiAs^^l±l£ife^Fix«V^(OT?, ^ 
m«4 5at>»<«6. »*'^®»c4 5bttfi& 

ifii«t»lc//$<m?«b«f03pr®«»4 S a«)CaA*i««r 

I0098I ^tr. »-oW4 2a t^r.<r>i^n4 
3a«5ic(3) s:8^^^lL■cv^6i:, iai4(d> Ki^jia 

IC, Jfea(I<0a«4 5 a *5«< fji^tn^K.%=~(nn^A 
SaaSmjIfeU la. Gai_, As«lffi 4 6 K: g opfittSc 

4 5b*Mg«L'T«f*^*dSiitf:ii:lc:*€.. 
JtiftSdiiftrJig^H. ai4(e).(f) I^^J:9«C. ft 
tt©Bffle4 5 ctr©ISLTcr)il|ff4 5 ci^WifeUtst* 

6 «>4B^tt«l£— ;t t 5, <<:3b\ » - 4 3a. 

43 b. 4 s cC3a:^vift«2im«$tetwTTUfcj:5'^£ 
ttaH:rilSU;^cv% ::iT^i. IB-(04^>F* 4 2 a . 4 2 

b, 4 2 c ^SR^<?:>*m4 3 a. 4 3 b. 4 3 c COtfiS 

b, 4 5 cdS|a*lt^fill::Jtofc^A-ClS-t^*f1Sf4 3 
b, 4 3 c<^igj|l*sih^Sd>P>-Cib«. 
fO 1 0 Ol £ili:C5j:*>lwm-«0«ff4 3 a. 4 3 b, 
4 3c(0/5t$4r2fc:r^-5i:, SB-iO«*f4 3a. 4 3 
b, 4 3 c Sr«fiM-S(JaAEft:^«5365^ufci^Sf^|::j5 

»-«>tm4 3a, 4 3b, 4 3cS:»S«-^fl: 



[0 10 1] eur. lnAsi:!>«5SS— (^|Sf4 2a* 
4 2 b, 4 2c^GaAsJ:9 4:d!?ro;^^4 3a, 4 3 
b, 4 3c«r. eh.-C'KKBri 0 OSfe^i©— IW*t>'> 

Sr=«>$m4 3B. 4 3 b. 4 3 ccl»«l9*;b(«:<4^fi 
Ot?, f$fit^il&4e^ftr:0>4m4 3a. 4 3b. 
4 3c tif>^^f^\^ii^^^i^\l^Z.ttXit:<, 

[0 10 2] Stic. IttAs^GaAsSr lffi«^UTBt8laA 
0. l«)IiiCaAafirSSrj^ESra«*l8l 5{a> -(c) IZl 
5<5i*>-CIMBi-5. £ai 6 (a> Ga 
As&ttSS 1 2;lDAs«5 2^GaAs4S5 3«rr^Sl 

l?:$*2aBU GaAs«5 3 COJJ $ «r 7im t-fS. 
[0 10 31^(3) iCj:^^. GaAs^S 3<Of9[$(2 7. 

iaet::*JV^TGaAs«5 3SrfiftllKi*<-rA^fcirs. ^" 

0«|»T?Ar^J^T3^i:^iEt-*o ftkl, ® I 5 (b) <0 

If -6. -tojJ&Bti^^fJ:. at^as 1 i:ln 

Asffi 5 2 (Oi«^-ClnAsO»Ai 9 t®i*KH6fflCfi:S-t" 
Sittt::, InAsfiS 2&lWSaA5«[5 3 0aA«MaAs<D 

«jfti^Ji(rn 1 2 2t:ir:2»je-t-i. a^SiS 1 
to 1 0 4] w^otfcifiti^KS^ufcftjc, ;&?^rv 

:/A'5 4«rT*''^liiMi/boiir«>g!S-«?l O^a^ft^-fr 

[0 10 51 aiSias 1 t Cr. ^fiLJ:5 ir-r 

ai 6(a) fl. ^B^VT'A'S 4f*JlCliiAs^5 2 ^iCaAs 
«5 3€:2jB•roCT^^:K»Ufc1»^€r^UTv^-6. - 
coS^fc® 1 6 (b) lc^^^tc«r(;>igi:raDJ:9ntffl 
tf^l C«i6*SS:aTIno, ,0a«. »As^^& 5 6 

^q"<!>«3STi^://i'5 40M!tf«Hr4i s 

[0 10 6] rHIwJ:!). HI 6(o) Ki:^J:5<t^ 
1 Siaa, «Sl 6aa<OB^*sl^— <^IRGMfift&^«fiSSi- 
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[0 107] 

10 10 91 ®2 0^fttJ«i: b-Cy-^^l*4fte 

{Si] ^9^m(Of^ 1 l^f^Sgt^€&^i-6^fi4S&S3fiK 

(3 7] :^B^<0$g2Jill&^«(C^1-5^&^^^tft 



[Bl 4] 4^%^0«5jtEI(Qm<Z>M^S:^tS&tC;]3lt 
IBI 5] ;^«9^(09SIIS3^tfi(ci:Q]nGaAsl@AS:i£ 

(@i B] ^(Dui-vmit^^!f^»^sM^\^mm 

(B 1 9] s^y = > - ^/i'-TO^j^s»-5c»B-e*> 
a* 

1 r^'T'/v 

2 «3«£JB 

3 ^ar«ms 

4 fife^i^^Ji 

6 « 3 Tc^^A 

7 :E?l«?T>'yA' 
I 1 T'^-fA^ 

1 2 «^&JH 

1 3 ^-<7DHI-Vfl6 2 7C«fl-J& 

14 m-®£n-va2^$mjB 

1 5 wmf^ 

1 6 iii-vfgSTcOTH* 

16a 3 TCOI^A 

2 0 ISJ^I^ 

2 1 r^rf^ 

2 2 aJ^A 

2 3 
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36/ 



-2^ 



24« 24fl"»Z4d 

2 25 a^2 5 d 

26, 26ft'^26d 

27, 27«-2 7d 
2 8 t— ^ 

2 9 iP» 

3 0 3«>'3^H-?^ 



4 1.51 

42a, 42b, 42c. 52 jR— «>lt|E^ 
43a. 43 b, 43 53 QEJIIO^I^' 

4 4, 5 4 T-y-fi^ 
45a. 45b, 45c WA 
46, 56 «A 

5 5 nms^ 
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(b) 




(b) g. 
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